The fast risetime of the calibration signal in a 10 ns front end of a large detector system presents problems not generally encountered in a slower system. The distribution of these signals also presents its own unique set of problems. We have arrived at solutions which are applicable to large systems requiring fast risetime calibration signals in a small volume of space.
INTRODUCTION
The distribution of programable calibration signals of 10 ns risetime to 10,000 channels in a large detector system raises several significant design problems. Feed-through and crosstalk are difficult to avoid because of the fast leading edges of the calibration signals. Multiplexing techniques to reduce the otherwise enormous number of wires and cables must be considered.
The Central Drift Chamber (CDC) for the SLD facilityl for the SLAC Linear Collider (SLC) is presently under construction. It is an example of a large detector which requires programable calibration pulses of fast risetime. In the SLD, calibration pulses will be used to calibrate and monitor the amplitude and time response of each channel. To do this realistically, the calibration system must be able to simulate the pulses generated by the drift chamber in actual operation.
The design requirements for this system specified that the charge injected by the calibration pulses at the preamplifier input be controllable over the range 50 fC -5 pC (corresponding to about 0.1 -10 min ionizing particles). They also required that the amplitude of the calibration pulses be reproducible to less than 1%. The reproducibility of the time-of-arrival of the calibration pulses should be less than 2 ns.
Each channel in the CDC is being instrumented with a preamplifier, a calibration pulse generator for amplitude and timing calibration, and a time-slicing analog storage unit. In order to place all of these components close to the chambers in the small available space, this electronics is being constructed in hybrid integrated circuit form2. It will include a preamplifier hybrid that contains eight channels of preamplification. To reduce the cable plant to reasonable proportions, both digital and analog control and data signals are to be transmitted to and from each hybrid in a serial mode.
Because the CDC is being read out by the current division method, and because of the time-slicing storage at the output, the preamplifiers are designed with low (30 ohm) input resistance and fast (about 15 ns) ri seti me.
The conceptual design of the overall CDC electronics has been describedl,2. The authors of the present paper have been involved with the detailed design of the hybrid preamplifier. This paper is especially concerned with part of that design -i.e., the system for distributing programable, fast, calibration pulses to the 10,000 preamplifier channels. Although the particular system is intended for use in the CDC, the principles are applicable to similar problems in other detector systems.
GENERAL TECHNIQUE
A possible design technique would have been to generate precision pulses at a central location and then distribute them to all of the hybrid integrated circuits. This technique imnmediately presents the problem of designing a compact repeater system that adequately preserves the amplitude and shape of the pulses to the required precision. To avoid this problem, it was decided to distribute a dc amplitude-control signal and a strobe (timing) pulse. Although the timiing pulse must also be distributed to each of the thousands of channels, it need only preserve a time-of-arrival. Within each preamplifier hybrid, then, a pulse can be generated whose amplitude is controlled by the dc signal and whose timing is controlled by the strobe.
It is also required to be able to control which preamplifiers receive calibration pulses and which do not. In other words, it is required to be able to simulate any particular pattern of "hits" at the drift chamber wires. This is done by controlling the application of the calibration pulse to each of the eight channels within the hybrid by one bit of an 8-bit shift register. The In both systems, the contents of shift registers control whether the pulse is applied to a given channel. The use of shift registers reduces the number of digital control signals to just three; i.e., data in, clock and data out. The shift registers in individual hybrid chips can be daisy-chained together to increase the level of multiplexing in interfacing to the world external to the chamber environment. The data-out line goes to the data-in line of the next chip while the clock signal is bussed to all systems.
Calibration pulses are generated in response to the strobe, which is a digital pulse -a pulse whose amplitude is not accurately controlled. The amplitude of the calibration pulses are determined by the level of the dc calibration voltage. Because the calibration pulses are generated close to the input of each signal 0018-9499/87/0200-0266$01.00 © 1987 IEEE preamplifier, only dc levels and digital signals need be brought into the hybrid integrated circuit. Therefore, the problems of crosstalk and feedthrough can be more closely controlled than if the calibration pulses were generated at a central location and then distributed globally. Figure 1 illustrates a system using eight individual calibration pulse generators, one for each channel. This configuration is acceptable provided that each pulse generator is very simple and has few components. For a system requiring risetimes slower than 100 ns, a very simple pulser circuit such as a single FET switch is adequate. However, for systems requiring risetimes as short as 10 ns, the feedthrough through the gate to drain capacitance is excessive. A more complex circuit is therefore required. Fig. 1 Block diagram of a calibration system using multiple pulse generators Figure 2 shows another system which uses a single calibration pulse generator whose output signal is distributed to the eight preamplifiers via switches which may be diodes or CMOS devices. In this system, the calibration pulser can afford to have more complexity and hence more components. Low cost and parts count are considerations to be weighed against performance in designing hybrid integrated circuits.
Since a wide dynamic range of the calibration signal is required, it is necessary that a dc voltage in the range of millivolts to a few volts be switched, on command of the strobe pulse, without the strobe pulse contaminating the calibration signal by feedthrough in the switching device. In a fast system, however, the stray capacitance of the switching elements can contribute significantly to feedthrough. The signal distribution technique also plays an important role in minimizing undesirable signal feedthrough to channels which are turned off. Other calibration systems have been described elsewhere3-5.
FEEDTHROUGH TRANSIENT ANALYSIS
A high-frequency equivalent circuit of an FET and a few associated components operating as a step generator is shown in Fig. 3 . In this circuit, the charge injection capacitor, Cc, is charged to the dc calibration voltage, Vcal. A strobe pulse introduced at point G turns on the FET and drops point D to ground potential. A charge equal to Vcal x Cc is thus injected into the preamp input. This is the "desired" charge that is used for calibration. An additional path for "undesired" charge injection is created by the capacitance between the gate and the source of the FET. Part of this, Cgd, is internal to the FET, and part, Cso, is due to strays in the wiring.
This capacitance results in a charge, Vgs x (Cgd + Cso) being injected into node D at the instant the strobe is applied. As the FET turns on, this charge is dissipated through Rds. Since there is a finite turn-on time, however, some of this charge is initially injected through Cc, and is later withdrawn as Rds reaches its low turn-on value. After turn-on is complete, the net charge injected via Cc is zero. If the bandwidth of the preampliifier were sufficiently low, this feedthrough component would not present a problem. However, if the bandwidth is high, the result of the feedthrough can be observed, and can disturb the accuracy of the calibration.
./iVgs- One technique for reducing the effect of the feedthrough charge injection is to inject a compensating charge of the opposite polarity. This is accomplished via Cn. Choice of the appropriate standard value of Cn resulted in a reduction in feedthrough to 20 fC. Further improvement would require fine trimming the value of Cn and the delay time of the compensation pulse with respect to the strobe. In hybrid integrated circuits, this may be accomplished by laser trimming, but with additional cost. 268 Figure 4 is the schematic diagram of the calibration pulse generator used in the system. Ql is a phase splitter for the strobe pulse; it generates two similar voltage steps with opposite polarities. The positive step is used to turn Q2 on where as the negative step induces a charge of opposite polarity to cancel the feedthrough effect of the positive step. The three diodes are used as capacitors; their total physical size is less than that of a "real" capacitor of the same capacitance. The 10 pF capacitor is used to trim the risetime of the step at the drain of Q2. Q3 and Q4 form a White follower with a 1-2 ohm output impedance. The low output impedence is essential to drive the eight voltage dividers while maintaining amplitude accuracy. Figure 5 shows the output of a preamplifier due to a signal developed by the simple switching circuit with the transient cancellation loop disabled. The amplitude of the feedthrough resultant depends on the time response of the preamplifier and the turn-on time of the FET switch as described earlier. In our initial design, we used an SD213 FET and a Cc of 2 pF. The peak amplitude of the feedthrough pulse was equivalent to 80 fC. Since the lower limit of the calibration range is 50 fC, this feedthrough was deemed too large. Figure 6 shows the same input conditions but with the transient cancellation loop enabled. Here the effect of the feedthrough is reduced to 20 fC equivalent at the preamplifer input. The effectiveness of the transient cancellation technique is obvious. As mentioned previously, better cancellation would be possible by fine tuning, particularly the value of the capacitor used to cancel the feedthrough component. Since the calibration signal must meet a certain risetime requirement, it is important that the switching circuit itself not contribute excessively to slowing down the risetime. The on-resistance, Rds, of the FET switch and Cf provide a time constant which is used to trim the overall calibration signal risetime. Cf also helps to suppress the feedthrough transient, however, a large Cf may degrade the overall risetime to an unacceptable level. The transient cancellation scheme provides enough freedom to choose a proper Cf to obtain an acceptable calibration signal risetime and still keep the amount of feedthrough to an acceptable level. Two systems for distributing and controlling the application of calibration pulses will be discussed. The first scheme uses high speed CMOS FET switches capable of passing 10 ns risetime pulses while the second scheme uses diode switches. It is important that (a) when the switch is "on" that it does not degrade the amplitude precision or the shape of the calibration signal; and (b) when the switch is "off" it allows little or no signal feedthrough. It is also extremely important to adequately shield adjacent channels from each other. This requires careful design of the hybrid integrated circuit to provide ground strips on the substrate, or by full-scale shielding if possible.
CALIBRATION SIGNAL GENERATOR
In the first system, shown in Fig. 7 , two CMOS devices are used3 in a series-shunt configuration such that when one is "on" the other is "off". This provides a higher on/off ratio than a single CMOS device used as a series switch. CMOS switches used in this way should be selected on the basis of risetime and onresistance measurements, since these parameters are crucial to good performance. The substrate bias requirement must also be correct for the polarity of pulses the CMOS switches will be required to handle. Fig. 4 , along with the switch design shown in Fig. 7 . The performance of this design is shown in Fig. 9 The signal distribution switch utilizing high speed CMOS devices achieved an off state attenuation of 40 dB whereas the switch utilizing diodes and transistors achieved an on/off ratio of over 46 dB.
For systems requiring risetimes much slower than 10 ns, a slower gate drive and a larger Cf can be used to minimize feedthrough. Transient cancellation then is not necessary. For systems requiring risetimes below the few nanoseconds range the fast diode switch for signal distribution is preferred over the high speed CMOS switch because of its larger bandwidth. However, implementation of diode switches on a hybrid requires more space than an equivalent number of CMlOS switches and shielding inside a hybrid is limited to implementation of ground traces and placement of components which may not be adequate to achieve extremely good on/off ratio. A system not limited by these factors will achieve better cancellation than the case presented here using the same technique. The 
